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1. Introduction 

 

 

Food safety is a particularly important topic nowadays. Many are of the belief that 

“the materials added to food must be harmful to people”. Others believe that only safe 

products may reach the consumers owing to the strict and sound control systems put in place. 

The reality lies somewhere between these views. In most of the cases controlled and tested 

food products are safe and do not represent harm to consumers.  

The first substantial regulation concerning food quality was established in Hungary 

around the mid 19th century. The regulation clearly states that unauthorised, unhealthy foods 

and beverages could be seized and destroyed by the police
1
. Due to rapid improvements in 

food safety, the processes applied recently ensure that only original and high quality products 

can be accessed by the consumers on the food market. 

There are two ways, however, food can become contaminated and can represent a 

potential source of harm: accidentally or deliberately. Accidental contamination has always 

been and will always be an issue to be dealt with, taking higher standards of precautionary 

steps may help to reduce this type of risk. On the other hand deliberate actions for food 

contamination are down to manufacturers making fake products. Rare, but existing cases are 

worrisome where part(s) of the product is substituted with material(s) of different quality – 

even material(s) with negative health effect(s) – because of financial interests. 

One possible source of food contamination may derive from certain animal health 

considerations as feeds are often treated with antibiotic compounds or a combination of 

antibiotics. This, however, means that potential residues of the antibiotics used during 

production may occur in products destined for human use. As the contaminated products may 

pose potential harm to human health, efficient and novel analytical methodologies are 

required to monitor the quality and quantity of drug residues in food of animal origin. 

 

  

                                                 
1
 Act of 1876. XIV. Hungary (1876) 
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2. Aim(s) 

 

There is a number of authorised coccidiostats (COCs) currently used in animal 

farming. The framework and conditions of use were summarised and set out by regulation 

1831/2003/EC of the European Union (EU). Owing to the sound regulation specified above 

the fight against a dangerous disease (coccidiosis) was made much more effective. The 

emerging levels of coccidiostats as well as the so-called unavoidable carry-over required 

further regulation. The 124/2009/EC of EU introduces maximum levels (MLs) – which are in 

the low, µg/kg concentration range – for eleven structurally diverse coccidiostatic compounds 

in food of animal origin. In order to facilitate the effective and sound control of implemented 

EU regulations there is a need for suitable analytical methods which can provide robust 

background for qualitative and quantitative monitoring of COCs in food of animal origin. 

Based on the above facts my aims could be summarised as follows: 

 My aim was to develop and optimise a liquid chromatographic (LC) -mass 

spectrometric (MS) analytical method (chromatographic separation, ion source parameters, 

MS detection parameters) enabling the selective and sensitive determination of the regulated 

compounds with the use of a single chromatographic injection. 

 My aim was to test and compare the applicability of different analytical sample 

preparation techniques (single-step protein precipitation, matrix solid phase dispersion 

(MSPD) as well as combination of protein precipitation and solid phase extraction (SPE)) for 

COC(s) determination. In addition, my aim was to generate suitable milk and milk product 

samples for LC-MS analysis with the use of the selected sample preparation procedure. 

 My aim was to validate the developed method(s) in line with the low concentration 

levels listed by 124/2009/EC and determine its analytical performance parameters such as: 

selectivity, linearity, sensitivity, accuracy, reproducibility, limit of detection (LOD) and limit 

of quantitation (LOQ) values. 

 My aim was to obtain essential stability information of anticoccidial compounds 

during fermentation in milk products previously treated with the target compounds to learn 

about the possible sources of COC(s) contamination in processed food of animal origin. 
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Table 1: Names, monoisotopic masses (Da), average masses (Da), elemental compositions and CAS numbers of the eleven anticoccidial 

compounds 

 

Name
2
,* Monoisotopic mass (Da)

3
 Average mass (Da)

3
  Elemental composition

4
 CAS number

4
 

DEC 417,2515 417,5384 C24H35NO5 18507-89-6 

DIC 405,9791 407,6380 C17H9Cl3N4O2 101831-37-2 

DNC
**

 302,0651 302,2423 C13H10N4O5 587-90-6 

HAL 413,0142 414,6815 C16H17BrClN3O3 55837-20-2 

LAS-sodium 612,3638 612,7696 C34H53NaO8 67249-45-0 

MAD 916,5396 917,1297 C47H80O17 97375-44-5 

(ammonium salt) 

MON-sodium 692,4112 692,8527 C36H61NaO11 22373-78-0 

(free acid) 

NAR 764,5075 765,0252 C43H72O11 55134-13-9 

NIC 426,1288 426,3828 C19H18N6O6 8027-87-0 

ROB 333,0548 334,2032 C15H13Cl2N5 25875-51-8 

SAL-sodium 772,4738 772,9804 C42H69NaO11 55721-31-8 

(free acid) 

SEM 872,5133 873,0753 C45H76O16 113378-31-7 
*
decoquinate (DEC), diclazuril; (DIC), 4,4'-dinitrocarbanilide (DNC; otherwise known as 1,3-bis(4-nitrophenyl)urea), halofuginone (HAL),  

lasalocid (LAS), maduramicin (MAD), monensin (MON), narasin (NAR), nicarbazin (NIC), robenidine (ROB), salinomycin (SAL),  

semduramicin (SEM) 

**
DNC is part of NIC 

  

                                                 
2
 124/2009/EC 

3
 Cristoph Gohlke (http://www.lfd.uci.edu/~gohlke/molmass/). (accessed: 2015) 

4
 Chemindustry (http://www.chemindustry.com/). (accessed: 2015) 
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3. Experimental 

3.1. Standard materials 

 

Stock solutions containing 1 mg/ml of COCs were prepared individually. MAD, 

MON, NAR, NIG, SAL, SEM were dissolved in methanol. DIC, DIC-bis, DNC, DNC-d8, 

ROB, ROB-d8 were dissolved in dimethyl sulfoxide, whereas DEC and DEC-d5 were 

dissolved in acetonitrile (ACN) with the addition of 6% formic acid. The use of formic acid 

for DEC and DEC-d5 was necessary because pure ACN was unable to fully dissolve the 

standard materials. HAL and LAS were commercially available as 100 μg/ml solutions in 

ACN. Working solutions (≤10 μg/ml) were prepared by diluting the individual stock solutions 

with ACN. 

 

3.2. Sample preparation for milk and milk products 

 

Milk samples (2 ml) or milk product samples (2 g) were transferred into centrifuge 

tubes and fortified with the appropriate amount of internal standard – and if required the 

target compounds – working solution. The tubes were vortex mixed for 30 sec and left at 

ambient temperature for 15 min. Protein precipitation was performed by the addition of 2 ml 

ACN followed by a 30 sec vortex mixing and 15 min centrifugation step (3000 rpm; 850 g) at 

ambient temperature, which led to clear phase separation. The resulting supernatants (milk 

samples: 3 ml; milk product samples: 2,5 ml) were transferred into separate vials in which 6 

ml water was added and vortex mixed for 10 sec with the samples. The diluted extracts were 

then applied on Oasis HLB (hydrophilic-lipophilic balance) SPE cartridges which were 

previously conditioned with appropriate amount (3 ml) of ACN and water. While loading the 

samples low and stable flow rates were applied in order to facilitate the adsorption of the 

target compounds. The cartridges were then washed with 3 ml of water and left to dry on the 

vacuum manifold under continuous air stream for 15 min. The target analytes were eventually 

eluted with 3 ml of ACN. The resulting elutants were then evaporated to dryness under 

constant nitrogen stream at ambient temperature. Residues were reconstituted in 500 μl 

ACN/water (1/1; v/v) and vortexed for 30 sec prior to injection onto the LC-MS system. 
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3.3. LC-MS conditions 

Parameters of the LC-MS instrument as well as optimised parameters of separation, 

ion formation and detection are summarised in Table 2, 3, 4 and 5. 

 

Table 2: Details of the modular LC-MS system 

 

Supplier Type Name Product number 

Agilent 1200 autosampler G1367B 

Agilent 1200 binary pump G1312A 

Agilent 6460 ESI-QQQ-MS* G6460A 

Agilent 1200 degasser G1379B 

Agilent 1200 autosampler 

thermostat 

G1330B 

Agilent 1200 column compartment G1316A 
*
electrospray ionisation (ESI), triple quadrupole (QQQ) 

 

 

Table 3: Details of the optimised chromatographic separation 

 

Analytical column Agilent Eclipse XDB C8 (3 × 150 mm, 3.5 μm) 

Mobile phases A: water (0.1% formic acid);  

B: ACN (0.1% formic acid) 

Flow rate 0.5 ml/min 

Column compartment temperature 30 °C 

Autosampler thermostat temperature 4 °C 

Injection volume 30 μl 

Equilibration time 5 min 

Gradient program  

Time (min) B% 

0 5 

1 5 

4 95 

15 95 

Dwell time  

Time segment (ms) 

1. 50 

2. 50 

3. 25 
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Table 4: Names, polarities, precursor ions, product ions, fragmentor voltages and collision 

energies used in multi reaction monitoring (MRM) for optimal detection of COCs 

 

Name Polarity Precursor 

ion 

Product ion Fragmentor 

(V) 

Collision 

energy (eV) 

DEC positive 418.1 372.1*/204.0 180 20/45 

DIC negative 406.8/404.8 335.9/333.9* 80/80 15/15 

DNC
 

negative 301.0 137.0*/107.0 80 10/45 

HAL positive 415.9 138.0*/121.0 120 15/30 

LAS positive 613.2 577.2/377.2* 140 35/40 

MAD positive 939.5 895.5/877.5* 220 55/30 

MON positive 693.3 675.3*/461.1 160 40/60 

NAR positive 787.4 531.2/431.2* 200 50/60 

ROB positive 333.9 155.0*/138.0 100 20/25 

SAL positive 773.4 531.1/431.1* 240 55/50 

SEM positive 895.4 851.4/833.4* 160 35/35 

DEC-d5 (int. st.) positive 423.1 377.1*/205.0 160 25/45 

DIC-bis (int. st.) negative 420.8/418.8 349.8/347.9* 80/80 20/20 

DNC-d8 (int. st.) negative 309.0 141.1*/111.1 80 10/45 

NIG** (int. st.) positive 747.4 703.3*/501.2 200 60/60 

ROB-d8 (int. st.) positive 342.0 159.0*/142.0 100 20/25 
*
transitions used for quantitative evaluation 

**
nigericin (NIG) 

 

Table 5: Details of optimised ion source parameters 

 

Source temperature (°C) 350 

Sheath gas temperature (°C) 350 

Nebulizer (psi) 40 

Capillary (positive) (V) +3500 

Capillary (negative) (V) -3500 

Nozzle (positive) (V) +1000 

Nozzle (negative) (V) -1000 
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4. Results 

 

Within the framework of my doctoral research programme analytical methods with the 

capability of simultaneous determination of trace level (µg/kg) COCs in milks (fat content: 

1.5%, 2.8%, 3.5%) and milk products (yoghurt (1.4%), kefir (3.5%), sour cream (12%)) were 

successfully developed, validated and applied. The developed methods are in line with EU 

124/2009/EC for CP (chemically produced) (DEC, DIC, HAL, NIC (via DNC), ROB) and IP 

(ionophore) (MAD, MON, NAR, SAL, SEM) COCs. The findings of my research and 

analytical experiments presented in the thesis led to the following main facts and conclusions 

below: 

 

 A reversed phase, polarity switching LC-QQQ-MS instrumental method enabling 

all-in-one analysis by a single chromatographic injection was developed and widely optimised 

in order to allow for the selective and sensitive MRM detection of numerous, structurally 

diverse COCs at trace levels. 

 Through testing different sample preparation procedures it became clear that neither 

the fast, single-step protein precipitation approach by itself nor the MSPD based methodology 

was sufficient to be employed as suitable sources of samples for COC(s) analysis. However, 

the combination of protein precipitation and SPE proved to generate high quality samples for 

robust and reliable LC-MS analysis. 

 Validation experiments of the presented SPE-LC-MS methods were carried out in 

order to obtain essential and comprehensive information on analytical performance 

parameters such as: selectivity, linearity, sensitivity, accuracy, reproducibility, LOD and LOQ 

values. 

 An analytically designed in-house fermentation experiment, which enabled the 

controlled generation of previously COC spiked kefir, yoghurt and sour cream, revealed the 

fact that analyte(s) having anticoccidial effects represent sufficient chemical stability to avoid 

significant degradation as well as remain unchanged during fermentation, therefore a possible 

COC contamination may pose a risk to consumers through affected milk products. 
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5. Scientific achievements 

Based on the results presented in the thesis the conclusions can be summarised around 

three comprehensive scientific achievements: 

 

Method development: 

 

The developed analytical SPE-LC-MS methods enable the qualitative and quantitative 

determination of anticoccidial drugs (CP: DEC, DIC, HAL, NIC (via DNC), ROB and IP: 

MAD, MON, NAR, SAL, SEM) regulated by EU at µg/kg concentration levels in milk (1.5%, 

2.8%, 3.5%) and milk products (yoghurt (1.4%), kefir (3.5%), sour cream (12%)) with the use 

of a single chromatographic injection. 

 

Validation: 

 

Through excessive validation of the developed analytical methodologies, which use 

matrix-matched calibration and internal standards, important experimental information on 

analytical performance parameters were obtained and determined: selectivity, linearity, 

sensitivity, accuracy, reproducibility, LOD and LOQ values. In addition to the guideline 

matching validation results, the LOQs of the methods proved to be lower than the introduced 

MLs. 

 

Application: 

 

Application of the developed and validated analytical methods was presented in an 

in-house fermentation experiment. The comprehensive experiment revealed essential 

information on the chemical stability of the regulated anticoccidial drugs during fermentation. 

The gathered information suggests that the risk of COC(s) contamination of milk products 

may not be eliminated by a single fermentation step due to high stability of the tested 

anticoccidial drugs under the presented conditions. 

  



- 10 - 

 

6. Relevant scientific publication 

 

Scientific papers 

Development and validation of a liquid chromatographic-tandem mass spectrometric method 

for determination of eleven coccidiostats in milk 

Szilárd Nász, Lajos Debreczeni, Tamás Rikker, Zsuzsanna Eke 

Food Chemistry, Volume 133, Issue 2, Pages 536-543 (2012) 

Impact factor: 3.655 

Determination of coccidiostats in milk products by LC–MS and its application to a 

fermentation experiment 

Szilárd Nász, Etelka M. Károlyné, Tamás Rikker, Zsuzsanna Eke 

Chromatographia, Volume 75, Numbers 11-12, Pages 645-653 (2012) 

Impact factor: 1.195 

 

Lectures 

Determination of coccidiostats in milk and milk products by liquid chromatography-tandem 

mass spectrometry  

Szilárd Nász 

CEEPUS 11
th

 International Symposium and Summer School on Bioanalysis 

Graz, Austria (2011) 

Method development for determination of anticoccidial drugs in milk  

Szilárd Nász 

CEEPUS 10
th

 International Symposium and Summer School on Bioanalysis 

Zagreb, Croatia (2010) 

 

Posters 

Determination of coccidiostats in fermented milk products  

Szilárd Nász, Zsuzsanna Eke  

HPLC2011 

Budapest, Hungary (2011) 

Determination of coccidiostats in milk by LC-MS/MS  

Szilárd Nász, Zsuzsanna Eke  

28
th

 International Symposium on Chromatography 

Valencia, Spain (2010) 

http://www.sciencedirect.com/science/article/pii/S0308814612000556
http://www.sciencedirect.com/science/article/pii/S0308814612000556
http://www.springerlink.com/content/?Author=Szil%c3%a1rd+N%c3%a1sz
http://www.springerlink.com/content/?Author=Etelka+M.+K%c3%a1rolyn%c3%a9
http://www.springerlink.com/content/?Author=Tam%c3%a1s+Rikker
http://www.springerlink.com/content/?Author=Zsuzsanna+Eke

